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Abstract
Web search engines gives users an initial point for their information hunt. The problem with the traditional search engine is that it 
retrieves the same set of web pages for all users even though each user has their own preference for a particular search. For 
retrieving web pages based on user’s preference personalized search is needed. The main drawback of this method is that it 
cannot provide accurate result when user’s preference changes or have to search something new. In the proposed method, a 
concept network is created to identify users search preferences. This concept network consists of list of related concepts based on 
the history of users’ previous search. This policy helps to retrieve web pages related to the context in which the user needs 
information. Genetic Algorithm (GA) is used when user searches for something new. GA is used to compare the user’s concept 
network with other user’s concept network for similarity, thus helps to get a better search in their area of interest.
© 2014 The Authors. Published by Elsevier B.V.
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1. Introduction
The search engines are used to find information from the internet. As the quantity of web pages is rapidly 
increasing, it is a cumbersome task to retrieve relevant information related to the topic.  The aim of Information 
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Retrieval (IR) systems is to helps user to properly arrange and stock up such information and retrieval of relevant 
information upon user requests. Retrieval of information relevant to each user’s interests from a huge set of 
documents is the capability of IR systems. Users are in need of information depending on their area of interest10. 
There are several researchers studied the need to access information and its important benefits in several areas 
including marketing, socio-economic development, education, and healthcare3.
Personalised search is the process of searching a set of documents or web pages by giving preference to the user’s 
interest. User interest is identified by from the user profile, which is created by analysing the sites searched by the 
user. Accuracy of the system is improved as a personalized search which can predict the user’s interest better 
compared to a normal search.
At present, the web search engines are built to serve all types of users, and independent of the particular interests 
of any individual user. Personalized search incorporates the personal interest of users in the search process, in order 
to retrieve relevant information required by a particular user. The overview of how personalized information can be 
gathered is shown in the Fig. 1.
The development in web search techniques grows rapidly; some search engines have already incorporated the 
personalized search service in their search engine. In the Google’s personalized search the user's can specify their 
categories of interest. Some of the search engine technologies use relevance feedback to get user requirements. In 
few systems   users have to register their demographic information earlier in order to get better service. All these 
methods require users to engage in extra activities to specify their preferences manually before search. So there is a 
need for new methods that are capable of implicitly recognizing user’s information needs and to present required 
information. Several research attempts and their proposed solutions are available to provide the relevant information 
by considering the users situations. The various personalized web search approaches proposed by researchers are 
described in the section 2.
Fig. 1. Personalized Web Retrieval Process
1.1. Genetic Algorithm
Genetic Algorithms have been developed by John Holland12. Natural section and natural genetics are the 
underlying principles of these search algorithms. These probabilistic algorithms, which simulates the natural 
selection process of living organisms finally comes up with an approximate solution to a problem under 
consideration after several iterations12,13. They combine survival of the fittest offspring’s among the string structures 
with a structured yet randomized information exchange to form a search algorithm. GA based algorithms efficiently 
and effectively exploits past information to conjecture on new search points with anticipated enhanced solution to 
the problem under consideration.
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Genetic Algorithm starts with a population of possible solution sets. Each solution in the population is 
represented as chromosome, which is an abstract representation. In the beginning all possible solutions have to be 
coded into a chromosome. Then a set of reproduction operators has to be fixed. In the next step, it performs 
mutation and recombination operations on the population of chromosomes, the reproduction operators are applied 
directly on to the chromosomes. The fitness of every individual chromosome in the population is evaluated from 
current population based on their fitness value and modified to form a new population in every generation. The 
algorithm uses this newly created population in the next iteration. Based on the fitness value, each chromosome has 
an associated value. The fitness value shows the goodness of the solution. The algorithm terminates when either a 
maximum number of generations have been produced or an adequate fitness level has been arrived at for the 
population. The limitation of GA is that sometimes it is unable to produce a satisfactory solution with in the 
maximum number of generations permitted.
1.2. Concept Network
Concept networks are undirected graph in which the vertices represent some concept or a term. The edge weight 
varies based on the correlation between the concepts or most similar word appeared in the documents. If the edge 
weight is high between the query and another term then they are correlated and so query can be expanded using the 
term. The edge weight can be calculated by various methods. In the proposed method the term frequency–inverse 
document frequency (tf-idf) mechanism used fro calculating the edge weight. This is a numerical statistical method 
tf–idf, which shows how important a word is to a document in a collection or corpus retrieved by the browser. If the 
tf-idf value increases proportionally to the number of times a word appears in a document, but is offset by the 
frequency of the word in the corpus, which helps to control the fact that some words are generally more common 
than others14.
2. Related Works
Personalized Search uses the pages browsed by the user to create a user profile. The user profile can be created 
based on two factors they are 
x Links browsed by the user or click history
x Concepts searched by the user
In order to offer context-aware and personalized information to the users, intelligent searching techniques are 
necessary. Some Personalized Search Engine creates the user profile based on the links clicked by the user. The 
literature for comparative analysis and overview of the several web search concepts using web mining techniques
are available for designing a more powerful search1. The fuzzy neural network approach for enhancing web search is 
also highlighted in this paper. The user profile contains users click history. When the user searches next time the 
search engine first searches the links stored in the user’s profile and then it searches in other pages. The advantage 
of this method is that it is easier to implement and it returns the pages frequently accessed by the user, which could 
have been the page the user was searching for. The limitation of this method is that it cannot adapt when the user’s 
interest changes.  Cheqian Chen et al., (2010) was proposed a personalized search based on the concepts searched by 
the user3. In this method, user’s positive as well as negative interest is considered while creating user profile. 
Negative interest denotes those interest that user are not interested in. In other methods only one user profile is 
created however it is not sufficient to detect user’s interest as it can change. In this method Bipartite graph is created 
based on all user queries and concept extracted. Graph contains two types of nodes namely concept node and query 
node. In this, two types of clustering are applied to the graph. They are initial clustering and community clustering. 
Initial clustering clusters concepts and query with respect to one user. Initial clustering is a two step clustering 
process. In the initial step, similar query nodes are combined. In the next step similar concept nodes are combined. 
Community clustering is applied to concept node with respect to different users. Community clustering clusters 
queries and concepts that occur together regardless of the user. Community clustering is used to detect the changes
in user’s interest. When a user enters query first the community cluster is searched for the query and then the user 
cluster is used3.
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Personalized search engines based on concept network, creates the user profile based on the concepts browsed by 
the user. The concepts are extracted from the pages browsed by the user. Kenneth Wai-Ting et al., (2010) was
developed a system which stores the concept searched by the user in the user’s profile4. In this method, learning 
algorithms like SVM, naive Bayesian Classifier is used to learn the user’s search pattern to predict whether a page is 
relevant to the user’s interest. The first step in this method is to store user’s click history. The pages are first 
reordered based on the document’s relevance to the query. The relevance of document is calculated based on the 
term frequency of the word in the page with respect to total word count of the document. The pages are classified by 
the classifier as positive and negative, where positive denotes the page is related user’s interest and negative denotes
it is not related to user’s interest. The classifier model is built using user’s click history, and the words searched by 
the user. Query expansion is applied to all users and is useful for the new users. The problem with this classifier 
model is that it can get affected if the underlying search mechanism is not accurate.
Kyung-Joong Kim et al., (2001) proposed a personalized search which uses concept network to store user 
profile5. In this method fuzzy concept network was used to represent user’s interest. Fuzzy concept network contains 
two types of nodes they are concept and document node. The edges between two nodes denote the relevance 
between the nodes. When a user enters queries the query is searched in the fuzzy network and retrieves those 
documents that have more relevance with respect to the query. If a concept is not directly connected to any 
document then we can take those documents that can be reached from the concept with least edge cost in the path as 
the edge cost between the concept and the document. The edge cost is determined based on factors like term 
frequency2.
A fuzzy document retrieval system based on link structures, which search relevant and personalized web pages
was proposed by Kyung-Joong Kim, et al., (2007). A personalized retrieval tools for searching educational resources 
on internet was available for academic use7. A personalized electronic news system (PENS) was implemented as the 
proof of concept network and to demonstrate how web pages are synthesized with different attributes from the same 
description and to show adaptation based on users' behaviour and client-side characteristics8. There are other 
methods such as agent-based architecture for context-aware and personalized event recommendations were proposed 
by researchers9. In this paper the proposed spreading algorithm learns user patterns by discovering user interests. 
The Filter Bubble FB effects drives growth in the popularity of alternative search engines that do not personalize 
results. Concerns about the Filter Bubble effects are hot research area, driving growth in the popularity of alternative 
search engines that do not personalize results. Unfortunately, there has been only little scientific quantification of the 
basis and extent of search personalization in practice15, 16.
3. Personalized Search Using Concept Network and Genetic Algorithm
In this paper, we suggest a Personalized Search system which uses Concept Network and Genetic Algorithm. 
Here the Concept Network is used to represent the user’s preference. Concept Network is stored in the user’s profile. 
Genetic Algorithm is used to find concept network that might be relevant to the user’s interest based on the user’s 
present concept network.
3.1. Concept Network Based User Profile
The user profile that contains information about user’s preference is modeled as a so called ‘concept network’ 
which is a networked structure of session interested concepts. The session interest concepts are determined with 
some keywords extracted from the documents retrieved by the users and it has some related features. A user’s
profile and related the concept network will be gradually complex as the user goes on to perform queries and 
consequent selection of the required documents from the search results. 
In the development of an efficient personalized search system, it is highly necessary to design the user profile
accurately so as to include user’s information needs precisely. The Concept Network is constructed by extracting all 
the concepts from the pages searched by the user in a particular session.
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TF-IDF method is used in the extraction of the concepts from the pages browsed by the user18. The tf-idf value of 
all the concepts is obtained from the pages browsed by the user. The concept with highest tf-idf value is considered 
as the most important concept or one that is most relevant to the user’s preference. The tf-idf value is used as an 
edge value in the concept network created based on the concepts extracted.
Five concepts that have the highest value are used to create the concept network. The tf-idf value is used as the 
edge value of the concept in the concept network. Initially the query entered by the user is used to perform standard 
query based search and provide the result. The pages that are searched by the user in a particular session are used for 
extracting the concepts. The extracted concept is used in the construction of concept network. The first step in 
concept extraction is extraction of text from the web page. The extracted text is divided into individual words and 
each word is converted to their root using a process called stemming. Figure 2 shows the concept extraction 
procedure.
Fig. 2. Concept Extraction
3.2. Genetic Algorithm for clustering users
Genetic Algorithm is used to compare the user’s concept network with other user’s concept network. And it adds 
the concept networks that are similar to the user’s preference into the users’ profile. Genetic algorithm takes two 
users at a time and selects those concepts that are similar to each other. Genetic algorithm can also be applied for 
multiple users by taking two users at time. The concept networks that are similar to user concept network added to 
user profile if the concepts are above threshold value. 
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Fig. 3. Individual Representation
Genetic algorithm uses linear binary representations for representing solution. The most standard one is an array
of bits. Binary representation is used to represent the population. In a binary representation each position of 
chromosome can contain 1 or 0. In this each bit represents a concept. The first n1 bit represents the concept network 
of user 1 and next n2 bit represents the concept network of user 2. Fig.3 represents that the individual representation 
of concept networks for two users, namely user1 and user 2.
In this proposed method GA uses the optimization function based on the number of terms in the concept network 
and their edge values. This function takes two concept networks as input and provides a value as output. The output 
value increases as the similarities between the two concepts network increases. This optimization function takes the 
two concept network and compares the concepts of the two concept networks. If there are any concepts that are 
equal, then their edge value will be added to the function value. The optimization function is given by
f12 = (n*(HGLHGM11+N2) (1)
Where, 0i < n1, n1- number of terms in concept network 1
       0j < n2, n2- number of terms in concept network 2
       ed(i) and ed(j)) are the values of ith  and jth edge respectively
Term i of concept network 1 = Term j of concept network 2 if the networks are similar
       N1- number of concept networks in user 1 profile
      N2- number of concept networks in user 2 profile
  n - number of terms that are common between concept networks
In order to find most relevant documents, we have to omit some of the retrieved documents, which are unrelated 
to the concept under consideration. So we need a threshold value to check the documents. This threshold value is 
calculated by adding the least edge in the entire concept network created by the user and multiply by 2. This
threshold value is calculated by adding the least edge in the entire concept network created by the user and multiply 
by 2 they will mean different things19.
Crossover is a genetic operator used in GA to change the chromosomes from one generation to the next. It is 
analogous to reproduction and biological crossover, upon which GAs are based. In the cross over process it takes 
more than one parent solutions and produces a child solution from them. In the proposed method the Two Point 
cross over technique is applied. In two point crossover method children is obtained replacing the bits of one parent 
in between the crossover with bits in same position of other parent. The distance between the crossover points has to 
be constant. The distance between the crossover points is set based on no of bits in solution. The starting point of 
crossover is selected randomly. Crossover operation is applied in every iteration. The Fig. 4 shows the crossover 
operator.
The proposed method uses a mutation operator in order to maintain the genetic diversity from one generation to 
another. It is analogous to natural mutation process.  When mutation happens the mutation operator alters one or 
more gene values in a chromosome from its original state. After mutation, the new solution may change entirely 
from the previous solutions. So a better mutation rate can result in better solution. During the evolution process the 
mutation happens according a mutation probability. For better performance the probability should be set low as 
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possible. This is because for higher mutation values, the search will turn into a primitive random search. Mutation 
helps to allow the algorithm to avoid or stuck in local minima by preventing the population of chromosomes from 
becoming too similar to each other, thus slowing or even stopping evolution process. One parent is selected 
randomly and mutation operator is applied. In the proposed method for mutation operation, Bit Flipping is used. The 
Bit Flipping operator replaces 1 with 0 and vice versa. After mutation is applied, the children are added to 
population. If there is any other children chromosome with lesser fitness value, then they are discarded. The 
mutation operation is shown in the Fig. 5.
Fig 4.Crossover Operator
Fig. 5. Mutation Operator
The search relevance ratio of each retrieval process is calculated using the equation 2 as given below17. The result 
obtained for the query term ‘H1N1’ is shown in the Fig.6. From the graph we can see that as the search progresses, 







Ratiolevance                                (2)
The document retrieval ratio indicates how good the documents are retrieved for the concept under search. It tells 
how the relevant is the text inside those documents? The Fig.6 depicts the ratio of relevant document to retrieved 
documents (1,000 results per topic). From the graph it is clear that the proposed method retrieves only useful 
documents.
Fig. 6. Relevant Document Retrieval Ratio
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4. Conclusions and Future Work
Normal search engine does not take into account the user’s preferences and so the result may not contain the 
pages that user is searching for. A personalized search engine improves the efficiency of the search engine by 
creating user profile by analyzing his search pattern. This paper proposes a system that uses concept network and 
genetic algorithm to improve the efficiency of search process. Concept network is used to store the user’s profile 
and Genetic Algorithm is used to compare user’s interest in order to predict his interest. Concept network is 
constructed by extracting the concepts from the pages searched by the user. Genetic Algorithm calculates the 
similarities between the user’s concept network and other user’s concept network and merge these concept networks 
to the user’s concept network and finally to the user profile. In this paper we are using TF-IDF value for extracting 
the concepts and creating the concept network for efficient personalized search. In future works we will investigate 
the possibilities of other methods to extract the concepts from the pages browsed by the user. Also we will come 
with metaheuristic algorithms like Ant Colony Optimization, Particle Swarm Optimization, etc., for getting better 
results.
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